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Abstract 
 
Analyzing of sedimentary facies and structure together with regional field mapping were studied in the 
mélange unit, upper Cretaceous Shimanto Belt, Wakayama Pref., SW Japan. The field survey was concentrated 
in the coast of Shiofuki-iwa, Miyama Complex, Hidakagawa Belt where soft deformations penetrate 
throughout the mélange unit. Brittle to ductile faults associated as later deformations are excluded. The 
mélange unit is subdivided into the Y-shear zone (YSZ) and P-foliation zone (PFZ). The YSZ is composed of 
thick lenticular sandstone (trends subparallel to the direction of the mélange), intense shear band (thin layer 
with concentrated prelithification shear deformation) and mudstone dominant mélange. The PFZ is composed 
of mudstone dominant mélange (associated with foliations which slightly oblique to the direction of the YSZ) 
and lenticular sandstone (slightly oblique to the direction of the YSZ). The intense shear band separates the 
YSZ and PFZ. Preserved radiolarian fossils free from deformation in the intense shear band is the evidence of 
the prelithification shear deformation in the mélange. A remarkable-fact is that the structures of mélange unit 
are formed under sinistral sense of shear. The mélange unit in the Shiofuki-iwa is ascribed to be formed by 
sinistral sense of shear during sediments were prelithified. 
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Introduction 
The Shimanto Belt is distributed along the Pacific side of 
southwest Japan. A thick sequence comprises of deformed 
complicated succession, however, rather monotonous in 
lithology which is dominated by unfossiliferous flysch had 
been regarded as “Mysterious Formations” because of little 
controlled age and uniquely deformed structural style (Taira 
et al., 1988). Fossils occurred as molluscs and calcareous 
planktonic microfossils which had been considerably 
limited. Scattered recovery of molluscan fossils including 
Ammonoidae and Inoceramus had been only 
biostratigraphic age indicators until early 1970s. This 
situation changed dramatically in 1980s depend on the new 
method using radiolarian biostratigraphy. 
Now the Shimanto Belt became one of the most 
extensively studied and dated sequences in Japan (Taira et 
al., 1988, Suzuki and Hada, 1979; Kumon, 1983). It is 
widely accepted that the early deformation of accretionary 
processes of oceanic plate subduction in the circum pacific 
region is preserved (Fig.1-a). Plate-tectonics model has 
been adapted to interpret geology of the Shimanto Belt. 
Mélange in the Shimanto Belt is considered to be formed 
under subduction (e.g., Taira et al.,1992). Structures of 
tectonic mélange regarded to a “block-in-matrix” texture as 
Franciscan Complex (Cowan, 1985; Hsü, 1968), mélange 
unit in Shimanto Belt which is characterized by “successive 
lenses” and the surrounding argillaceous matrix were 
described. Recently studies depend on the basis of 
subducted plate-tectonics of two-dimension models of the 
Shimanto Belt (e.g., offscraping and underthrust, 
underplating) were proposed by using seismic reflection 
profiles at present-day convergent margins (McCarthy and 
Scholl, 1985; Lundberg and Moore, 1986; Sample and 
Fisher, 1986; Sample and Moore, 1987). In this connection 
with the models mentioned before, mélange also is 
suggested to be formed in tectonics of subducted plate 
(Moore and Byrne, 1987; Fisher and Byrne, 1987; Kimura 
et al.,2012). Tectonic mélange structures described in 
previous studies are brittle to ductile deformations which 
were formed under lithified condition. (Moore et al., 1986; 
Raymond, 1984). These structures could be later and deeper 
facies of deformation of the subduction process. Accretion 
model suggests that soft sediments on the oceanic crust are 
accreted at the subduction zone. However, the earliest 
structural of mélange unit is poorly known. Therefore, we 
described deformation structures, earliest synsedimentary 
deformations of mélange. Study area is Shiohuki-iwa, 
Mihama Town, Wakayama prefecture where is belong to the 
Miyama Accretionary Complex, the upper Cretaceous 
Hidakagawa Belt (Fig.1-c). A regional field mapping, 
sedimentary facies and structural analyses has been studied. 
Using these methods structural styles and characteristics of 
sheared argillaceous rocks and sandstone were delineated.  
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In this paper, we present mélange from regional scale to 
microscopic scale that argue for the layer-parallel-shearing 
during sediments were prelithified. 
 
The Cretaceous Shimanto Belt 
The Shimanto Belt is separated from the Jurassic 
accretionary terrane of the Chichibu Belt to the north by a 
major fault, Butsuzo Tectonic Line (Taira, 1985) (Fig.1-a). 
It shows an overall younging distribution to the south. In 
Wakayama Prefecture, the Shimanto Belt is subdivided 
into three subbelt, the Cretaceous accretionary complex 
(Kouyasan Belt and Hidakagawa Belt) to the north, the 
Eocene accretionary complex (Otonashigawa Belt) and 
the Oligocene to the lower Miocene accretionary complex 
(Muro Belt) from the north to the south (Fig.1-b).  
Fig.1 a) Distribution of Shimanto belt in south west Japan. b, c) Location of study area (modified Kishu Shimanto Research Group, 2012). 
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Fig.2 Drone photo showing the geologic sketch mapped outcrop of Figure.4-c (crossed scale bar is 2m long) 
 
Fig.3 Composite planar fabric in the intense shear band. Green taffaceous mudstone indicate sinistral 
sense of shear. 
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Fig.4 Geologic sketch maps of mélange unit. Intense 
shear band extending along thick lenticular sandstone. 
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The Hidakagawa Belt is composed of the Yukawa 
Complex, Miyama Complex, Ryujin Complex from the 
north to the south (Kishu Shimanto Research Group, 59, 
2012) (Fig.1-c). The Miyama Complex indicates that the 
successions of Turonian to early Campanian by radiolarian 
biostratigraphy (Kishu Shimanto Research Group, 59, 2012). 
These data suggest depositional age but the age of accretion 
has not been known. 
 
Outline of mélange unit of the Miyama Complex 
The upper Cretaceous mélange unit is mainly composed 
of the Miyama Complex. The mélange unit is composed of 
a sheared argillaceous “matrix” in which various sizes of 
tectonic lenses are incorporated as “elongated fish” and 
“balls” (Fig.2). The tectonic lenses are of intensely 
disrupted sandstones, varicolored mudstones, which are 
dominated asymmetric structure. The asymmetric structure 
is characterized by boudin structure, pinch & swell structure 
and composite planar fabric (Byrne,1994). 
This study focused to detect deformation structures under 
prelithified condition. The structures allow us to identify the 
earliest stage of deformation and sense of shear in the 
mélange unit. Our discussions and interpretations are based 
on observations made mostly on NE facing sections, cut 
perpendicular to the Y-shear, P-foliation which developed 
during sediments were prelithified (Fig.3). The mélange 
unit is subdivided into the Y-shear zone (YSZ) and P-
foliation zone (PFZ) (Fig.4). 
 
Y-shear zone and P-foliation zone 
The Figure 4 is the geologic sketch maps displaying a 
typical distribution and structural relationship between the 
YSZ and PFZ. 
The YSZ is composed of thick lenticular sandstone, 
intense shear band and mudstone dominant mélange (Fig.4). 
The thickness of the lenticular sandstone layers is generally 
1 to 3m. The layers are subparallel to the direction of the 
YSZ. The intense shear band is characterized by Y-shear 
planes (N80 to 90°E) and P-foliation planes (N70 to 80°W) 
(Fig.3). Riedel shear planes with echelon displaced P-
foliations are associated (Fig.5-d). The thickness of the 
band is several centimeters to 20cm. The majority of the 
intense shear band accomplish layer-parallel-shearing that 
is associated with Y-shear. Resulted from the succeeded 
deformation, concentrated composite planar fabric in 
narrow zone were formed that are elongated parallel to the 
thick lenticular sandstone (Fig.5-c). In intense shear band, 
thin layers of sandstone and argillaceous matrix wrap 
smoothly around thick lenticular sandstone (Fig.5-a). An 
asymmetric orientation of the tales of the lenticular 
Fig.5 a) Argillaceous matrix with thin sandstone layer in the intense shear band wraps smoothly around sandstone 
lenses. b) Intense shear band divides the YSZ and PFZ. c) The intense shear band is concentrated narrow zone associated 
with composite planar fabric. d) Composite planar fabric of Y-shear, P-foliation and Riedel shear. 
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sandstone surrounded by argillaceous matrix and 
asymmetric lenses of varicolored mudstone indicate the 
sinistral sense of shear (Fig.5-d). The boundary of the YSZ 
and PFZ is bounded by intense shear band (Fig.5-b). The 
mudstone dominant mélange comprises mudstone and 
relatively thin lenticular sandstone layers (Fig.4). The 
mudstone has foliation defined by thin layers of varicolored 
mudstone or silty to sandy layer which is slightly oblique to 
the direction of the YSZ and subparallel to the direction of 
P-foliation (Fig.4). The PFZ is composed of mudstone 
dominant mélange and lenticular sandstone (Fig.4). The 
lenticular sandstone and the foliation of mudstone dominant 
mélange are subparallel and the direction defines P-
foliation which gently oblique to the direction of the YSZ. 
 
Evidences of prelithification shear deformation 
Overall sandstone lenses are consistent with WNW to 
EW trending extension, which is contrary to ENE trending 
intense shear band. Near the boundary of YSZ, sandstone 
lenses are elongated and dragged in the direction of the 
intense shear band. These lenticular and pinched sandstone 
layers are also common in slump deposits as soft clasts.  
In microscopic scale, there is significant evidence that the 
earliest deformation of mélange underwent during sinistral 
sense of shear. Composite planar fabrics are observed in 
microscopic scale (Fig.6-c). Competent layers have a 
tendency to elongate direction of the Y-shear plane (Fig.6-
a, c). Foliation of incompetent part define the P-foliation 
(Fig.6-c). The fabrics are interpreted to be prelithification 
structures. Sandstone layers elongated in the direction of Y-
shear suggest that fluid flow in the sediments controlled the 
deformation (Bolton, 1998). Deserving special mention is 
that interstitial radiolarian fossils within the sediments in 
intense shear band have survived against deformation 
(Fig.6-b, d). If the sediments underwent deformation after 
lithification, the radiolarian fossils might suffer brittle or 
ductile deformation. The survived radiolarian fossils 
suggest that the deformation in the mélange unit originated 
during prelithified condition.  
 
Discussion and Conclusion 
As mentioned before, the mélange unit is profoundly 
concerned with sinistral sense of shear which developed 
during sediments were prelithified. This result agrees with 
the Taira’s opinion that the Shimanto Belt was drifted by 
the left lateral movement (Taira et al., 1992). Mélange unit 
is classified YSZ and PFZ by the difference of deformation 
structures. Zone boundary is decided by intense shear band. 
Fig.6 Texture of the mélange under microscope. a) Pale colored sandy layer (contains radiolarian fossils) is elongated 
in direction of Y-shear. The sample from the intense shear band. b) Close up of Fig.6-a. Radiolarian fossils (RF) are 
not deformed. c) Prelithification composite planar fabric in the intense shear band (Y: Y-shear, P: P-foliation). d) Close 
up of Fig.6-d. Radiolarian fossil(RF) incorporated in P-foliation is preserved and not deformed. 
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Micro scale to macro scale structures of intense shear band 
are corresponded with structural relationship between YSZ 
and PFZ. Moreover, preserved radiolarian fossils within 
intense shear band are not deformed. In consequence of the 
texture, intense shear band has behavior as the heat of shear 
that the prelithified condition of deformation formed YSZ 
and PFZ. Remarkable facts are 
1) The mélange unit of study area is composed of YSZ 
and PFZ. 
2) The prelithification shear deformation and the 
structures are preserved typically in the intense shear 
band. 
3) Overall mélange was formed by prelithification shear 
deformation of sinistral sense of shear in macro scale 
to micro scale. 
 
Acknowledgements 
I am grateful to Nakaya, S. of Shirahama Shisui for 
valuable discussions and suggestions. We are indebted to 
Fujiwara, T. of Okayama University for preparation of the 
perfect thinsections of very friable mélange samples. We 
also acknowledge Hashimoto, K. and Matsuo, H. and 
Tomita, H. of Shinku Company for drone photography. 
 
References cited 
Bolton, A. and Maltman, A., 1998, Fluid-flow pathway in 
actively deforming sediments: the role of pore fluid 
pressures and change., Marine and Petroleum Geology, 
15, 281-297. 
Byrne, T., 1994, Sediment deformation, dewatering and 
diagenesis: illustration from selected mélange zones. In: 
Maltman, A. (eds), The Geological Deformation of 
Sediments., Chapman & Hall, 239-259. 
Cowan, D. S., 1985, Structural styles in Mesozoic and 
Cenozoic mélanges in the western Cordillera of North 
America., Geol. Soc. America. Bulletin, 96, 451-462. 
Fisher, D. and Byrne, T., 1987, Structural evolution of 
underthrusted sediments, Kodiak Islands, Alaska., 
Tectonics, 6, 775-793. 
Kishu Shimanto Research Group., 2012, Redefinition of the 
Miyama Accretionary Complex−Turonian to Lower 
Maastrichtian accretionary prism−., The Association for 
the Geological Collaboration in Japan. Monograph, 59, 
35-41. 
Kimura, G., Yamaguchi, A., Megumi, H., Kitamura, Y., 
Kameda, J., Ujiie, K., Hamada, Y., Hamahasi, M., Hina, 
S., 2012, Tectonic mélange as fault rock of subduction 
plate boundary., Tectonophysics, 25-38. 
Kumon, F., 1983, Coarse clastic rocks of the Shimanto 
Supergroup in eastern Shikoku and Kii Penishula, 
southwest Japan., Memoirs of the Faculty of Sci, Kyoto 
Univ., Series of Geol. and Mineral., 49, 63-109. 
Lundberg, N. and Moore, J.C., 1986, Macroscopic 
structural features in Deep Sea Drilling Project cores 
from forearc regions., Geol. Soc. America. Memoir, 166, 
13-44. 
McCarthy, J. and Scholl, D.W., 1985, Mechanisms of 
subduction accretion along the central Aleutian Trench., 
Geol. Soc. America. Bulletin, 96, 691-701. 
Moore, J.C., Roeske, S., Lundberg, N., Schoonmaker, J., 
Cowan, D.S., Gonzales, E. and Lucas, S.E., 1986, Scaly 
fabrics from Deep Sea Drilling Project cores., Geol. Soc. 
America. Memoir, 166, 55-74. 
Moore, J.C. and Byrne, T., 1987, Thickening of fault zones: 
A mechanism of melange formation in accreting 
sediments., Geol, 12, 1040-143. 
Nakaya, S., Suzuki, H., Takesue, Y., 2012, Middle Miocene 
igneous rocks and hot-temperature springs in the 
southern part of the Kii Peninsula, Southwest Japan., The 
Association for the Geological Collaboration in Japan. 
Monograph, 59, 249-261. 
Raymond, L.A., 1984, Classification of melanges., Geol. 
Soc. America. Special Paper, 198. 
Sample, J.C. and Fisher, D.M., 1986, Duplex accretion and 
underplating in an ancient accretionary complex, Kodiak 
Islands, Alaska., Geol, 14, 160-163. 
Sample, J.C. and Moore, J.C., 1987, Structural style and 
kinematics of an underplated slate belt, Kodiak and 
adjacent islands, Alaska., Geol. Soc. America. Bulletin, 
99, 7-20. 
Suzuki, T. and Hada, S., 1979, Cretaceous tectonic mélange 
of the Shimanto Belt in Shikoku, Japan., J. Geol. Soc. 
Japan, 85, 467-479. 
Taira, A., 1985a, Pre-Neogene accretion tectonics in Japan: 
a synthesis., Recent Prog. Nat. Sci. Japan, 10, 51-63. 
Taira, A., 1985b, Sedimentary evolution of Shikoku 
subduction zone: The Shimanto Belt and Nankai Trough. 
In: N. Nasu et al. (eds), Formation of Active Ocean 
Margins. Terra Sci. Publ. Co., Tokyo, pp. 835-851. 
Taira, A., Katto, J., Tashiro, M., Okamura, M., and Kodama, 
K., 1988, The Shimanto Belt in Shikoku, Japan − 
evolution of Cretaceous to Miocene accretionary prism., 
Mod. Geol, 12, 5-46. 
Taira, A., Hill, I., Firth, J., Berner, U., Brückmann, W., 
Byrne, T., Chabernaud, T., Fisher, A., Foucher, J.-P., 
Gamo, T., Gieskes, J., Hyndman, R., Karig, D., Kastner, 
M., Kato, Y., Lallemant, S., Lu, R., Maltman, A., Moore, 
G., Moran, K., Olaffson, G., Owens, W., Pickering, K., 
Siena, F., Taylor, E., Underwood, M., Wilkinson, C., 
Ymano M. and Zhang, J., 1992, Sediment deformation 
and hydrogeology of the Nankai Trough accretionary 
prism: Synthesis of shipboard results of ODP Leg 131., 
Earth Planet. Sci. Lett, 109, 431-450. 
Taira, A., Byrne, T. and Ashi, J., 1992, Photographic Atlas 
of an Accretionary Prism Geologic Structures of the 
Shimanto Belt, Japan., University of Tokyo, 199. 
